Among health hazards caused by smoking, cardiovascular changes stand out. Smoking influences the prevalence of infarction through several mechanisms, such as endothelial dysfunction, greater oxidation of LDL-cholesterol, a reduction in HDL-cholesterol, an increase in the levels of adhesion molecules and fibrinogen, an increase in platelet aggregation, and an increase in the prevalence of vascular spasm 1, 2 . English et al 3 were the first to report a close relation between smoking and mortality due to ischemic heart disease, and they were followed by other authors who stressed that association 4, 5 . The proposed mechanisms, by which the constituents of cigarette smoke (carbon monoxide, nicotine, tar, and the substances contained in vapor) may cause myocardial infarction, are as follows: thrombosis, formation of atherosclerotic plaque, platelet aggregation, vasoconstriction, hypoxia, and arrhythmia induction 6 . Although the association between the smoking habit and coronary heart disease is universally accepted, little is known about the morphofunctional effects of smoking directly on the heart. Thus, the objective of this study was to assess the behavior of the variables related to myocardial mechanical function and also to in situ heart function of the animals exposed to cigarette smoke.
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Methods
The study comprised 51 male Wistar rats weighing between 200 and 250 g divided into 2 groups as follows: control group (C) -formed by 28 animals, receiving the diet routinely used in our laboratory adjusted according to the daily ingestion observed in group S during smoke exposure; and smoking group (S) -formed by 23 animals receiving the unrestricted diet routinely used in our laboratory for 3 months and exposed to tobacco smoke in the last 30 days.
The method used was that proposed by Simani et al 7 and implemented by Wang et al 8 to expose the animals to cigarette smoke in a modified incubator. The rats, 5 each time, were placed in the clear chamber connected to the smoking device. Smoke puffs were drawn from a cigarette Objective -To assess the behavior of cardiac variables in animals exposed to cigarette smoke. All animals underwent echocardiography, and, after an average of 3 days, they were euthanized for papillary muscle study. The animals were not exposed to cigarette smoke on the day of echocardiography or euthanasia.
Methods -
At the end of the experimental period, the rats underwent anesthesia with ketamine hydrochloride (50 mg/kg) and xylidine hydrochloride (1 mg/kg) by the intramuscular route. Then, the anterior region of the thorax was epilated. After these procedures, the animals were placed in the left lateral decubitus position for undergoing echocardiography.
The echocardiograph used was the Sonos 2000 model (Hewlett-Packard Co.) equipped with a 7.5-MHz electronic transducer. Flow assessment was performed with the same transducer operating at 5.0 MHz. To measure the cardiac structures, M-mode images with the ultrasound beam oriented by the 2-dimensional image with the transducer in the parasternal short-axis view were used. The image of the left ventricular cavity was obtained placing the M-mode cursor right below the plane of the mitral valve between the papillary muscles. The images of the aorta and of the left atrium were also obtained in the parasternal short-axis view with the M-mode cursor positioned at the level of the aortic valve. Recording of one-dimensional imaging (velocity = 100 mm/s) was performed with the UP-890MD model printer (Sony Co.). Later, the cardiac structures were manually measured with the aid of a precision pachymeter according to the recommendations of the American Society of Echocardiography The study of the isolated papillary flow was performed according to already described procedures 3 days after echocardiography [10] [11] [12] . The mechanical function was studied in left ventricular papillary muscles obtained as follows: the rat was beheaded, its thorax opened, the heart rapidly removed and placed in Krebs-Henseleit solution previously oxygenated (10 minutes) with 95% oxygen (O 2 ) and 5% carbon dioxide (CO 2 ) at a temperature of 28 o C. After dissection of the left ventricle and sectioning of the interventricular septum, the left ventricle was divided into 2 parts, each containing its papillary muscle, and, then, carefully dissected in a glass chamber, constantly oxygenated and maintained at 28 o C. The papillary muscles, after having their extremities tied to 2 stainless steel rings, were rapidly transferred to the glass chamber containing the Krebs-Henseleit solution, which was constantly oxygenated with 95% O 2 and 5% CO 2 and maintained at 28 o C due to the use of a circulating bath. The papillary muscles were maintained in the vertical position in the glass chamber. The inferior ring was attached to a stainless steel wire of 0.031-cm-diameter connected to an outer transducer (Kyowa 120T-20B), and the superior ring was connected to a stainless steel wire similar to the former tied to the extremity of the long arm of an isotonic lever. A micrometer was placed on that extremity to control the extension of the movements of the lever, providing muscle length adjustment in the muscular relaxation phase. Initial stretching of the cardiac fiber was performed with a light load (preload) suspended in the extremity of the short arm of the lever coupled to the 7 DCDT -050 model length transducer (Hewlett Packard), which measured length variations during muscle contractions. The lever was rigid and light, made of aluminum with a 4:1 long arm/short arm ratio.
The muscles were stimulated 12 times per minute with platinum needle electrodes, which were coupled to an electric stimulator programmed to release stimuli in 5-ms square waves, with a voltage approximately 10% greater than the minimum necessary to cause a maximal mechanical response of the muscle.
The composition of the Krebs-Henseleit solution 13 3 . The partial pressure of oxygen in the solution was maintained between 550 and 600 mmHg.
The parameters used to characterize the papillary muscles were length (mm) and sectional area (mm 2 ). The in vitro length (L max ) was obtained with a Gartner cathetometer. The sectional area was calculated based on the measures of the diameter of the central segment, considering that the muscle had a cylindrical geometrical form and specific weight of 1.0. The wet weights of the left and right ventricles (LV and RV, respectively) and atria (A), normalized to the final body weight of the rat (BW), were used as indices of atrial and ventricular hypertrophy.
The water content of the tissues was assessed by the ratio between the wet and dry weights of the following tissues: liver, lungs, left ventricle, and the calf muscle.
The variables studied were tested in regard to normality, and the mean values and the standard deviations of the groups studied were calculated. In the case of normal distribution, the Student t test was used for comparison between the control and smoking groups. For the nonparametric variables, the values of the median and the interquartile intervals of the groups studied were calculated. The MannWhitney test was used to compare the groups 14 . The Sig-maStat for Windows v 2.0 statistical package (Jandel Co., San Rafael, CA, USA) was used for the tests. The significance level of 5% was adopted for all tests.
Results
The body variables of the animals are shown in table I and the mechanical data of the isolated papillary muscles are shown in table II. No statistical difference was observed in the values of the body variables and the data obtained from the papillary muscle when comparing the control and smoking groups. Table III shows the values obtained in the echocardiographic study. The values of left ventricular systolic diameter were significantly greater in the smoking animals than in the controls. Exposure to cigarette smoke caused a significant reduction in left ventricular systolic function indices (systolic shortening fraction and ejection fraction). No difference was observed between the groups of rats when comparing the other echocardiographic variables studied.
Discussion
This study aimed at assessing the behavior of the cardiac variables of rats exposed to cigarette smoke. The animals underwent cigarette smoke inhalation, with all the components involved, for 30 days, and the functional changes were detected in vivo only through echocardiography.
Some deleterious effects of smoking on the cardiovascular system are widely accepted. It has already been well documented that smoking is the major changeable risk factor for acute myocardial infarction 6, 15 . Although the effects of smoking on the coronary system have been intensely researched, the direct effects of smoke exposure on the heart are less known.
This study showed that chronic exposure to cigarette smoke resulted in effects on the rat's heart, whose detection depended on the method used for functional analysis. Considering the variables studied in the preparations with isolated papillary muscle, no difference could be identified between the 2 groups studied. This method allows the study of myocardial function without the interference of external factors, such as preload, afterload, and heart rate. As such, our results show that no change in the myocardial mechanical performance occurred due to cigarette smoke inhalation. On the other hand, an increase in left ventricular end systolic diameter was observed in the smoking group on echocardiography. In addition, both shortening and ejection fractions were statistically smaller in the smoking group. Thus, the results show that, despite the preservation of muscle function, the rats inhaling cigarette smoke had depressed left ventricular systolic function.
Some factors may explain our findings. In an experimental study with dogs, the acute administration of nicotine was accompanied by an increase in inotropism 16 . A significant difference in regard to our study, however, is that we did not use nicotine, but cigarette smoke. It is worth noting that more than 4,700 different substances have already been identified in cigarette smoke 6 , and some of these substances could counteract the inotropic effects of nicotine. Another aspect to be considered is that our animals were chronically exposed to cigarette smoke and that the acute cardiovascular effects of smoking may be different from the chronic ones 17 . TD-maximal tension developed; TR-resting tension; TPT-time to reach the peak of TD; TR 50-time for TD to decrease 50% of its maximal value; +dT/dtmaximal velocity of temporal variation of TD; -dT/dt -maximal velocity of temporal variation of relaxation; SA -sectional area. Another potential mechanism that could interfere with systolic performance in the animals studied could be changes in heart rate. The concept that nicotine infusion or cigarette smoke exposure could result in an increase in heart rate has been well accepted 17, 22 . Our study, however, showed no difference in heart rate between the 2 groups.
In conclusion, this study showed that rats chronically exposed to cigarette smoke for 30 days had a depression in left ventricular function. Although speculative, our results suggest that these findings could be consequent to changes in load conditions to which the heart is submitted.
